INTRODUCTION
Turbomachinery is a traditional field of research at VZLU. It began with experimental research of flow fields in linear cascades, what is basic task in the turbomachinery. This case is relatively easy to arrange, therefore results can be very interesting, namely for the development of procedures of numerical simulations and studying of physical processes in blade cascades (for example [1, 2] ). Further step in the research was done by arranging experiments in annular cascades [3] . Very interesting experiences with recording of three-dimensional structures in turbine stator were obtained. Original methodology [4] was arranged for these experiments. It is applicable especially for measurement of complicated periodical structures in small channels of turbines. This is extremely interesting for the following work focused on the research of unsteady flow fields in turbine stages.
TEST FACILITY, INSTRUMENTATION AND MODEL DESCRIPTION
The test rig is part of the closed loop wind tunnel powered by 1.3 MW electro-engine. Parameters of the test rig are shown in Table 1 . Tested turbine is loaded by Froude Hofmann F249-Race GT dynamometer and the test rig is equipped with HBM T10FS torque meter fixed on turbine´s shaft to ensure more accurate torque measurement. Concept of the rotatable stator of measured stage was used in consequence of linear probe manipulators. This idea was motivated by several reasons which make the measurement and follow-up data analyses more convenient [5, 6] .
Maximum rotational speed 15 000 rpm Mass flow rate 6 kg.s -1 Maximum brake power 700 kW Maximum expansion ratio 8 Accuracy of torque measurement better then ±0.5Nm To be able to study the unsteady measurement it is necessary to place the pressure transducer as near the investigation point in flow field as possible. For this reason the probes equipped with pressure transducers mounted in their tips were developed [7] . Data in flow field were acquired in the plane at the outlet of the rotor 15 mm behind the plane of rotor blades trailing edges (see Figure 1) . Two wakes of stator were traversed through during experiments. Note, that the traverse plane is quite far from the rotor trailing edges, therefore the structures could be partially mixed.
METHODOLOGIES
The methodology is based on the one used for stator flow field investigation [4] . There are three probes mounted with angular distance 60°. These probes together give complete information about flow parameters in each measured point. Data from all probes are acquired simultaneously and numerically synchronized with reference mark on the shaft. The methodology is roughly described in [5] , detailed description is written in [8] . The experimental setup was the same for both studied regimes. Data from all probes were acquired with sampling frequency 410 kHz. This corresponds to approximately 50 points per the rotor blade channel, 60 rotor revolutions were recorded in each point. Then average rotor revolution is computed from the time record and finally flow field parameters are evaluated. This is done at each captured point. Local efficiency coefficient and energy coefficient are presented in this paper as a support of analysis. The local efficiency coefficient is defined as a ratio of local efficiency and integral efficiency. The energy coefficient is defined by following expression and basically it has a sense of the kinetic energy weighted by the flow density in axial direction. The combination of these parameters was chosen for the capability of flow structures identification.
FLOW FIELD STRUCTURES IN A STAGE OF AXIAL TURBINE
The flow structures in a turbine cascade are briefly shown here. Typical models of loss mechanisms in annular cascades are depicted in Figure 2 . Flow structures in an annular cascade consist of a core flow (CF), where the lowest losses are presented. This part of the flow field is surrounded by the loss structures. Boundary layers developed on the blade surfaces create a wake behind the trailing edge (W) and there are also boundary layers on the casing walls. More complicated structures are caused by secondary flows in the channel. The main structure is a passage vortex (PV), what is a result of a pressure gradient across the channel. This gradient causes an end wall cross flow and finally the passage vortex as a result of an interaction of the cross flow with the core flow. This vortex is surrounded by next vortices. A horseshoe vortex is formatted on the leading edge. This vortex is shifted by the passage vortex in midspan direction. Under the passage vortex, a corner vortex (CV) is generated. Interactions in the region of these vortices lead to strong deformation of the blade wake. Moreover, strong vortex is created by the flow that goes over the tip of the blade in the case of the unshrouded rotor blade. It is called the tip leakage vortex (TLV) and it strongly affects other structures. It shifts other structures more to the center of the blade height and interacts with them. 
THE INFULENCE OF STAGE LOAD ON THE FLOW FIELD IN UNSHROUDED TURBINE STAGE
The influence of the load of the stage was studied on TJ100 turbine stage. Two regimes are analysed here -the first one is the turbine in near to a nominal conditions and the second one is an overloaded turbine in regime with slightly lower expansion ratio in comparison with the nominal one. Interestingly the integral efficiency of the stage is well comparable in both cases. Both studied regimes are described using basic parameters in the following Table 3 . Parameters written in this table are given here in order to support the results of the analysis.
Integral stage parameters
The integral parameters we will discuss firstly. We are comparing two regimes with comparable efficiencies, but most of the parameters of the stage are completely different. The only thing that is the same in both cases is the regime of the stator. There The combination of changed expansion ratio with the same stator regime leads to the necessity of the stage reaction adaptation. The turbine with lower expansion ratio works with lower reaction, thereby the expansion in rotor is weaker and finally we can expect that the cascade in such a regime will not be able to sufficiently suppress the development of loss structures. Moreover, the turbine with lower expansion ratio is overloaded and thus the rotor relative inlet angle increases. It is higher by 15° in comparison with the nominal regime. Therefore we can expect lot of non-uniformities in the flow field in studied off-design regime. When the expansion ratio is increased, the reaction also has to increase. Now, the rotor works with more intensive expansion and it is able to greatly suppress development of loss structures. On the other hand, increased expansion ratio increases relative outlet velocity. In the nominal regime, a transonic region on the blade suction side is developed, which causes an increase of the energy losses in the flow field. It is the most probable reason for comparable efficiency of studied regimes. Figure 3 shows time averaged distributions of local efficiency and energy coefficients. The nominal regime is on the left-hand side, figures on the right-hand side show the regime that represents the overloaded turbine. The regions with low energy are highlighted by contours in all graphs. These regions correspond to the strongest interactions of the stator secondary flow with the rotor flow structures. The geometrical shape of the stator trailing edge (STE) is also drawn in these pictures (solid line) together with the approximate shape of the stator wake (SW -dashed line). The strongest structures we can observe are the regions of the stator passage vorticesthe hub passage vortex (SHPV) and the tip passage vortex (STPV). Near the casing there is a casing vortex and in the centre of the channel the core-flow (CF) with the highest energy and local efficiency.
Time averaged flow field
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Comparison of these two regimes clearly shows the influences of the stage load on the flow field. These results are in accordance with the analysis made with support of the integral parameters. It was said before, that both regimes have a comparable integral efficiency. The main difference consists of the flow parameters distribution. In general, the nominal regime has a more uniform flow field in comparison with the overloaded one. On the other hand, deformation of the stator wake is in the case of the nominal regime stronger. It is in accordance with the distribution of the Mach number, flow angle and efficiency combined. At the same time it is necessary to highlight, that the wake in the case of the nominal regime is highly suppressed and its effect is very weak. by the rotor inlet conditions and generally by the rotor regime as discussed previously. The flow in the rotor is destabilized by the high inlet angle and as a result supports strong development of secondary structures which are finally shifted in the midspan direction. These structures are well suppressed by the expansion in the rotor row in the nominal regime and the core flow drives them out of the centre. It is also described in the following text, where details of the flow field structures are briefly discussed. In the case of the nominal regime, the loss structures are concentrated in the relatively small regions. The stator hub passage vortex is centred at 10% of the span and the tip passage vortex at 86% of the span. The hub passage vortex seems to be stronger than the tip one. On the other hand the tip passage vortex occupies a bigger area in the circumferential direction which is caused by the interaction between the stator passage vortex and the rotor tip leakage vortices. In the case of the overloaded stage, the loss structures are situated more to the centre of the span. The most intensive region of the hub passage vortex is situated at 10% (similarly to the case of the nominal regime). It is weaker in comparison to the nominal regime, but occupies wider area (encroaches even to 43% of the span). The centre of the tip passage vortex is shifted to the position 77% of the span and again occupies a wider area around the centre. Moreover the path of the rotor tip leakage vortices (RTLV) is clearly visible across whole periphery (dash-dotted line). The rotor tip leakage vortex oscillates between values of 77% and 86% of the span. It is possible to obtain an estimation of the tip leakage vortices strength from the fact that a part of the core flow is separated by the vortices and is kept near to the casing (see the region of high efficiency close to the tip passage vortex in fig. 3b ).
Unsteady flow field
Time averaged distributions showed locations of the most intensive interaction regions. In this part, we will compare unsteady behaviours of the flow fields. As a support for the analysis, instantaneous distributions of the energy coefficient are drawn in following figures. In these figures, the interaction regions found in the time averaged distributions are again highlighted. Displayed time sequences catch the passing of one rotor blade period. In the case of the nominal regime it corresponds to time 0.1 ms, the time period of the overloaded regime corresponds to 0.15 ms. Firstly, we will analyze the off-design regime.
The most intensive structure in the flow field is the low-energy region near the blade tip.
With respect the plane of observation, the tip leakage region is formatted by the interaction of the tip leakage vortex and the rotor tip passage vortex -tip leakage vortex label is further used for this region. We will observe the development of the flow field in relation to rotor blade number 3. At time t/T=0 blade 3 just left the region of the strongest stator-rotor interaction. The shape of loss structures is similar to those behind the blade 2 at time t/T=0.6. The interaction of the rotor wake with the stator structures is partially fading in the bottom part of the span. Typical distribution behind the rotor blade we can see at time t/T=0.2 -there is the rotor wake with the hub passage vortex (RHPV) and the tip leakage vortex (TLV). At this time, the stator secondary flow is not present in the blade channel 2-3 (channel between the blades 2 and 3), therefore the core-flow is moving towards the casing to the region, where we have seen part of the core-flow closed by the loss structures. 
EPJ Web of Conferences
Time t/T=0.4 corresponds to a beginning of the main stator-rotor interaction. The tip leakage vortex is powered by the stator tip passage vortex (both are clockwise-rotating) and it starts to grow. The rotor wake and the hub passage vortex are also stronger. The stator hub passage vortex (SHPV) probably appears in two parts. The first one is in the position 43% of the span, the second in the position 26% of the span. This is caused by the vortex transportation in the rotor. Stator passage vortex has two counter-rotating legs -rotor suction side and rotor pressure side (according to [12] ) -because the vortex is chopped by rotor blade and distributed to both suction and pressure sides of the blade. On the blade suction side, the stator passage vortex (counterclockwise) interacts with the horseshoe vortex (counterclockwise) and is shifted towards the mid-span by the rotor passage vortex (clockwise). The pressure side leg (SHPV1P -clockwise) is moved by the crossflow in the blade channel under the suction side leg (SHPV1S). It is also shifted upwards and finally interacts with the rotor hub passage vortex. The interaction is fully developed at time t/T=0.6. The tip leakage vortex together with the stator tip passage vortex is beginning to empty the tip part of the core-flow, the interaction of the rotor blade boundary layer with the stator wake and other loss structures leads to a separation on the rotor suction side and finally to huge widening of the rotor wake. The stator influence is at this time so strong, that affects the distribution in whole channel 2-3, it also means structures behind the adjacent blade number 2.
The interaction in the tip region is still very strong and discharging of the tip core-flow region is the most intensive at time t/T=0.8. In the hub region, the rotor hub passage vortex engulfs the pressure side leg of the stator hub passage vortex. The suction side leg is weakening and is positioned right under 43% of the span. 
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